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SUMMARY 

We investigated the superior potency of the immunosuppressive agent FK506 on collagen-induced 
arthritis in rats. In our initial studies, we demonstrated that only one &hot administration of FK506 at 
a dose of 10 mg/kg on the same day as type II collagen immunization suppressed the incidence of 
arthritis completely as well as humoral and delayed-iype hypersensitivity (DTH) skin test responses 
to type 11 collagen. Yet no major side effects were observed in the rats treated with such a high dose of 
FK506. Additional studies demonstrated that pretreatment with FK506 on day -7 or day -3 was 
effective in suppressing the severity of arthritis and immune responses to type II collagen. The 
immunosuppressive effect of a single high-dose administration of FK506 continued for at least 
1 week in this animal model of arthritis. A single administration of FK506 at a dose of 10 mg/kg on 
day 12 or 15, after the clinical onset of arthritis, was also effective in suppressing the severity of 
arthritis and immune response to type II collagen. We conclude that FK506, in this model, possesses 
an important, curative action when applied therapeutically. The outlook of F1C506 treatment in 
clinical autoimmunity is promising at present. 
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INTRODUCTION 

A structurally novel macrolidc FK506, isolated from the 
fermentation broth of a strain of soil fungus, Streptomyces 
tsukubaensis (Kino et al„ 1987a), has recently been demon- 
strated to have potent immunosuppressive activity at concentra- 
tions several hundredfold lower than cyclosporin A (CyA) 
(Kinoe/fl/., I987c;Sawadaefa/., 1987; Kay etaL, 1989). FK506 
represents a great advance in immunosuppression with few 
undesirable side effects (Stard et aL, 1989; Todo et al., 1989) 
such as nephrotoxicity, bone marrow suppression and infec- 
tions. The immunosuppressive action of this drug appears to 
depend on its ability to modify the activation of helper T cells, 
although its precise mode of action is not understood. In in vitro 
experiments, FK506 has been shown to inhibit interleukin-2 
(IL-2) receptor expression, mixed lymphocyte culture responses 
(MLR), cytotoxic T cell generation and production of T cell- 
derived soluble factors such as IL-2, inlerleukin-3 (IL-3), and 
interferon-gamma(IFN-)V(Kinoerfl/., 1987b). Furthermore, it 
has permitted successful allograft transplantation of heteroto- 
pic hearts (Lim,Thini& White, miiMumseetaL 1987), limbs 
(Araic/o/., l989)orskin(Inamurae/fl/., 1988c) in rats; kidneys 
(Todo et at., 1987a) or livers (Todo et aL 1987b) in dogs; and 
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kidneys in subhuman primates (Todo et aL, 1989). However, 
there have been very few studies concerning the influence of 
FK506 on experimental autoimmune diseases (Inamura et al,, 
1988a, 1988b; Takabayashi et al., 1989). Inamura et al. (1988a) 
showed that FK506 treatment at a dose of 3-2 mg/kg per day 
was very effective in suppressing collagen-induced arthritis in 
rats when administered from days 0 to 4, but ineffective when 
administered from days 7 to 1 1 . FK506, however, is now used in 
clinical transplantation to prevent rejection (Starzl et aL, 1989). 
As a result of this interest, and the paucity of studies concerning 
the effect of FK506 on immune response in experimental 
autoimmune disease models, we decided to investigate the 
influence of FKS06 administration on collagen-induced arthri- 
tis in rats. 

We first determined that under the in vivo conditions 
employed, a single high-dose treatment with FK506 on the day 
of type n collagen immunization would suppress collagen 
arthritis. Then the drug was administered at all stages of the 
disease process of collagen arthritis and its effects on incidence 
and severity of arthritis as well as on immune responses to type 
11 collagen were examined. 

MATERIALS AND METHODS 

Animals 

Out bred female Sprague-Dawley rats were purchased from 
Charles River Japan (Kanagawa, Japan). They were allowed I 
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week to adapt to their environment and were used aged 5-6 
weeks, weighing 1 30- 1 50 g at the start of the experiment. All the 
animals received standard laboratory chow and water ad 
iibitum. 

Preparation of type II collagen and production of collagen 
arthritis 

Type II collagen was isolated and purified from bovine articular 
cartilage, as previously described (Trentham, Townes & Kang, 
1977). The purity was assessed as described elsewhere (Kaibara 
et aL 1983). Lyophilized type 11 collagen was dissolved in 0- i M 
acetic acid at a concentration of 3 mg/ml. Equal volumes of 
collagen solution and Freund's incomplete adjuvant (Difco 
Laboratories, Detroit, MI) were emulsified, using a homo- 
genizer (Pol; - on Pt 10-35; Kinematica, Lucerne. Switzerland), 
and kept cold on an ice bath. Collagen arthritis was produced by 
intradermal injection of I ml of cold emulsion at several sites on 
the back and at one or two sites at the base of ihc tail on day 0. In 
our hands, 80-90% of th:: rats consistently developed arthritis 
with this regimen of immunization (Kaibara et aL, 1983; 
Takagishi et aL 1986; Arita et aL 1987). 

Treatment with FK506 

FK506 (FR900506; Fujisawa Pharmaceutical Co., Osaka, 
Japan) was provided in crystalline powder form (molecular 
weight 822) and dissolved in physiological saline at a concentra- 
tion of 5 mg/ml. FK506 was administered subculaneously under 
light ether anaesthesia on the day and at the doses indicated. The 
amount of the drug was adjusted according to the body weight 
of the recipient on the day of drug administration. Control rats 
were immunized with type II collagen and received no FK506 
treatment. FK506-trealed rats and control rats were handled 
identically. 

Assessment of arthritis 

Rats were examined daily for 28 days after immunization with 
type n collagen to record the day of onset and the severity of 
arthritis. The lesions of the four paws were each graded from 0 
to 4 according to the increasing extent of periarticular erythema 
and swelling as well as joint deformity, as described previously 
(Kaibara et aL 1983). The maximum possible score was 16. 



Immune response at type II collagen 

DTH skin testing was performed as described by Griffiths et aL 
( 1 98 1 ), using 50 //g of type 1 1 collagen in 0 05 m Tris-HCI buffer, 
pH 7-4, containing 0-2 m NaCI. The response was read at 48 h. 

Serum antibodies to type II collagen were measured by 
ELISA as described elsewhere (Kaibara et aL, 1983), adapted 
from the method of Voller, Bidwell & Bartlett (1976). The 
quantity of IgG antitype II collagen antibody was expressed as 
milligrams per 100 ml serum by comparison with standard 
curves obtained from an affinity-purified rat antitype 11 collagen 
antibody control (Kaibara et aL, 1984). 

Pathological studies 

Rats were killed after the 4-week experimental period for 
histological examination of the side-effects of the drug. Heart, 
lung, thymus, liver, spleen, kidney and adrenal gland were 
removed and complete post mortem examination was per- 
formed. Blocks uf tissue were fixed in 15% neutral buffered 
formalin and processed to paraffin wax. Sections were stained 
with haemaloxylin and eosin. All tissues were examined blindly 
without knowledge of the immunosuppressive therapy. 

Statistical analysis 

Continuous variables were analysed by group means (Student*s 
/-test), and dichotomous variables by their proportionate group 
frequencies i/- test). P < 0-05 was considered statistically signifi- 
cant. 



RESULTS 

Body weight 

There was a mean increase in body weight of 29-6±6 1% in 
untreated control animals over the 14-day course in the 
experiment. In comparison with cjntrols, there were not 
significant reductions in weight gain in FK506-tr^ted groups 
(30-2±5l%). 

Dose-response studies ofFK506 on the development of collagen 
arthritis in rats 

Dose-response studies of a single-dose treatment with FK506 
were carried out, in which the rats received FK506 on the day of 



Table I. Treatment of collagen-induced arthritis with FK506 on the day of immunization 



Dose 
(mg/kg) 


Incidence of 
anhritis 


Day of 
onset* 


Arthritic 
indext 


Antibody IcvelJ 


DTH§ 


n 




Day 14 


Day 21 


2-5 


6/II 


55 


l2-7±0-3' 


2-5 ±0-7** 


I2-7±I-7«^ 


20-4±4-5«^ 


6 3 + 03 


50 


4/IOtt 


40 




I^iO-?*" 


4-9+I-8* 


4-7±|-8«^ 


4-7+0 6++ 


10-0 




0 




0«^ 


03±0-l' 


0-2±0 r 


0 7 + 0 4*^ 


Control 


14/16 


88 


9-4±0-2 


6-4 +0-7 


48-6±2-7 


II3-8±8-2 


5-9 + 0-2 



Groups of rats were immunized with 1-5 mg of type II collagen and treated wiih s.c. FK506 on day 0. 
* Based on arthritic rats only (mcan±s.c.m.). 
t Expressed as the mean of maximum arthritic indices ± s.e.m. 

t An tibody levels to type II collagen were measured by ELISA on days 1 4 and 2 1 and expressed as mg of IgG 
anii^ollagen antibody/100 ml of scrum (mean ± s.e.m.). 

§P^onned on day 25 and expressed as the mean±s.e.m. diameter of induration (mm). 
T /> < O OO I ; P < 0-0 1 ; ft !> < 0-05 versus control group. 
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Table 2. Pretreatment of collagen-induced arthritis with FKS06 (10 mg/kg) 



■fit. 
p 



Incidence of 
arthritis 



Antibody level 



Injection 


n 


% 


Day of 
onset 


Arthritic 
index 


Day M 


Day 21 


DTH 




Day -15 


10/14 


71 


l2-9±0'7* 


41 ±0-9 


49-2 ±90 


63-9 ±9-5* 


4-l±0*7t 


■t 


Day -7 


3/15* 


20 


l2-3±0-5* 


11 ±0-6* 


211 ±4-5* 


33*8 ±6-4* 


3-9±0-4* 




Day -3 


O/IO* 


0 




0* 


5-5±2-4* 


3l-6±l2-3* 


3-4±0-4* 




Control 


14/16 


88 


9-4±02 


6-4 ±0-7 


48-6+2-7 


11 3-8 ±8-2 


5-9 ±0-2 





Groups of rats were immunized with 1-5 mg of type II collagen on day 0 and treated with FK506 ( 10 mg/ 
kg, subcutaneously). Parameters and units are as in Table 1 . 
♦/*<0 00!; t/><0 05 tvrjiur control group. 

Table 3. Prophylactic treatment of collagen-induced arthritis wiih FKS06 (10 mg/kg) 



Injection 


Incidence of 
arthritis 


Day of 
onset 


Arthritic 
index 


Antibody level 


DTH 


w 




Day 14 


Day 21 


Day 0 


0/10* 


0 




0* 


0 3+01* 


02±01* 


0-7±0-4* 


Day 3 


4/ lot 


40 


1 10+0-5+ 


1-8 ±0-4* 


4-6±l-2* 


61 ±3-9* 


5-0±0-4t 


Day 6 


3/IOt 


30 


9-3 ±0-3 


2-l+I-OJ 


38-2 ±5-2 


29-8 ±4-1* 


3-3 ±0*7* 


Control 


14/16 


88 


9-4 ±0-2 


6-4±0-7 


48-6 ±2-7 


II3-8±8-2 


5-9 ±0-2 



Groups of rats were immunized with 1 -5 mg of type II collagen on day 0 and treated with FK506 (10 
mg/kg. subcutaneously). Parameters and units are as in Tabic L 

*/'<0-001: t/*<005; }/*<0 01 rermv control group 



7 
6 
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C 
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t It U JiJ t 



0 8 9 II 13 15 17 19 21 23 25 
Days after immunization 



28 



Fig. I. Time course of the severity of arthritis, expressed as the mean 
arthritic indices ±s.e.m., for the rats treated with FK506 (10 mg/kg) 
prophylactically. (•) FK506-trealcd (day 3) rats; (■) FK506-treated 
(day 6) rats; and (O) control fats. ♦/*<0-05; t/'<0'OI; and J /'<000l 
versus control group. 



type II collagen immunization (Table I). An inflammatory 
polyarthritis was induced in 14 out of] 6 control rats immunized 
with type 11 collagen with no FK506 treatment. FK506 
treatment at a dose of S or 1 0 mg/kg on the day of immunization 
produced significant suppression of arthritis induction during 
an observation period of 28 days, whereas a dose of 2-5 mg/kg of 
FfC506 was ineffective. Serum antibody levels to type II collagen 



were measured on days 14 and 21, and DTH skin testing was 
performed on day 25. The control rats showed high antibody 
levels and strong positive skin test responses to type II collagen, 
whereas very weak antibody responses and weak skin test 
responses to type II collagen could be delected in the rats treated 
with 5 or 10 mg/kg of FK506. 

Effect of pretreatment with FK506 on collagen arthritis in rats 
Having established that FK506 treatment at a dose of 10 mg/kg 
on the day of type II collagen immunization completely 
suppressed the development of arthritis as well as humoral and 
DTH skin test responses to type II collagen, we then studied the 
eflTeci of FK506 at all stages of the disease process in collagen 
arthritis. In this section, we wished to see whether pretreatment 
with FK506 before the type II collagen immunization would 
have similar effects (Table 2). Groups of rats were treated with 
1 0 mg/kg of FK506 on day - 1 5, day - 7, or day - 3 and were 
immunized with type II collagen on day 0. As shown in Table 2, 
FK506 treatment on day — 7 or —3 (given prior to immuniza- 
tion of rats with type II collagen) resulted in significant 
suppression of clinical symptoms of arthritis and immune 
responses to type II collagen. In the group of rats preireated 
with FK506 on day -15, the incidence and the severity of 
arthritis were not suppressed significantly. 

Effect of prophylactic treatment with FK506 on collagen arthritis 
in rats 

In this section, groups of rats were administered FK506 at a 
dose of 10 mg/kg during the induction phase of arthritis (Table 



Effect ofFK506 on collagen-induced arthritis 

Table 4. Treatment of established lesion of collagen-induced anhrliis with FK506 (10 mg/kg) 



459 





Incidence of 
arthritis 


Day of 
onset 


, Arthritic 
index 


Antibody level 




Injection 


n 


% 


Day I t 


Day 21 


DTH 


Day 9 
Day 12 
Day 1* 
Day 18 
Control 


12/20 
17/21 
9/10 
9/10 
14/16 


60 
81 
90 
90 
88 


9- 3 ±01 

10- 2±0-2 
91 ±01 
9-3 ±0-2 
94±0-2 


3-8±0-8* 
6-3 ±0-7 
6-2±0-7 
70±0-8 
6-4±0-7 


44-4±5-3 
39-3 ±41 
43-6 ±7-1 
50-7 ±6-7 
48-6 ±2-7 


55-5±8-6+ 
26-2±6-9t 
46-2±8-7t 
79-5±14-7* 
113 8±8-2 


4- 7 ±0-5* 
60 ±0-2 

5- 1+0-4 

6- 3 ±0-2 
5-9 ±0-2 



m 




13 15 17 19 21 23 25 
Days after immunization 



28 



Groups of rats were immunized with 1 -5 mg of type U collagen on day 0 and treated with FK506 ( 10 
mg/kg. subcutaneously). Parameters and units are as in Table I . 

♦/><005; t/*<0001 tvrjwjcontrol group. 



type 11 collagiii on day 21 was significantly suppressed but the 
DTH response on day 25 was not affected. Htgh-dose treatment 
with FK506 even on day 1 5 altered the time course ofseverity of 
arthritis at the end of the observation period from days 23 to 28, 
but FK 506 administration on day 1 8 did not alter the severity of 
arthritis significantly. In addition to the prophylactic effect, 
FK506 also showed a strong therapeutic effect in the groups of 
rats with FK506 administration after the onset of arthritis. 

Pathological studies 

Gross abnormalities were not found at autopsy. No abnormali- 
ties were observed in any of the tissues examined in all of the 
experimental groups. 

DISCUSSION 

While a variety of immunosuppre:sive agents or anti-inflamma- 
tory drugs has been used for the treatment of collagen-induced 
arthritis in rats or mice, we are aware of no reports concerning 
the successful therapeutic effect of these drugs on the established 
lesion of collagen arthritis (Sloboda et aL, 1981; Stuart et aL, 
1981; Phadke, Carroll & Nanda, 1982; Probert, Schrier & 
Gilbertsen, 1984; Arila et ai, 1987). Particulariy, CyA, a 
powerful immunosuppressive drug widely used in the treatment 
of autoimmune diseases or allograft rejection, has no suppress- 
ing but enhancing effect on collagen-induced arthritis in rats 
when administered soon after its clinical onset (Kaibara et aL 
1983). The present study demonstrates a remarkable immuno- 
suppressive potency of the newly discovered macrolide anti- 
biotic, FK506, on this animal model of arthritis. A single high- 
dose treatment with FK506 at a dose of 10 mg/kg resulted in 
significant suppression of ongoing and established lesion of 
collagen arthritis. 

In earlier work, Inamura et aL (198Sa) demonstrated that 
FK506 at a dose of 3*2 mg/kg per day was very effective in 
suppressing arthritis when given during the afferent limb of the 
immune response to type II collagen (from day 0 to day 4), 
whereas the drug was only marginally effective when given 
during the efferent limb of the immune response (from day 7 to 
day II). The results of the present study showed that a single 
high-dose treatment with FK506 at a dose of 1 0 mg/kg from day 
3 to day 15 was effective in suppressing the ongoing immune 
response as well as in decreasing the manifestations of this 
arthritis. This observation suggests that FK506 is capable of 



Fig. 2. Time course of the severity of arthritis, expressed as the mean 
arthritic indices ±s.e.ra., for the rats treated with FK506 (10 mg/kg) 
therapeuUcally. ( v) FK506-treated (day 9) rats; (a) FK506-treated (day 
12) rats; (O) FK506-treated (day 15) rats; (a) FK506-treated (day 18) 
rats; and (O) control rats. ♦/'<0 05; t/'<0 0l versus control group. 



3, Fig. I), The development of arthritis was significantly 
suppressed in the animais treated with FK506 on day 3 or day 6. 
These regimens were very effective in inhibiting the swelling of 
the paws as well as the formation of anti-type II collagen 
antibodies and DTH response to type II collagen. 

Effect of therapeutic treatment with FK506 on the established 
lesion of collagen arthritis in rats 

Since more than a half of the animals in the control group 
developed arthritis on day 9 in our hands, the drug treatment on 
day 9 or later is considered to affect the established lesion of 
arthritis. The response of the established disease to therapeutic 
treatment with FK506 at a dose of 10 mg/kg is shown in Table 4 
and Fig. 2. In the FK506-treated group on day 9, the incidence 
of arthritis and disease onset were not affected, compared with 
those of the control group. In this group the severity of arthritis 
was reduced gradually and suppressed significantly compared 
with the control group from days 13 to 28. The antibody 
response on day 21 and DTH skin test responses to type H 
collagen were significantly suppressed in the rats with FK506 
administration n day 9. When FK506 was administered n day 
1 2, the severity ofarthritis was suppressed from days 1 9 to 28. In 
the FK506-treated group on day 12, the antibody response to 
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suppressing not only the afferent limb of the immune response 
but also the efferent limb of the immune reaction. The exact 
cxpjahation.of the difference between the results of these two 
studies is not cleSr. btit daily treatment with FK506 at a dose of 
3-2 mg/kg from day 7 to day 10 ma/have been inadequate to 
suppress the ongoing immune response in this animal model of 
arthritis. 

Our findings are consistent with the recent reports that, 
under certain conditions, FK506 can inhibit the cardiac allo- 
graft rejection in rats (Ochiai et aL, 1987) and the delayed 
rejection of renal transplantation in baboons (Todo et ai., 1 989). 
We have also reported that successful treatment to prevent or (o 
reverse rejection of limb allografts was achieved with a single 
treatment with FK506 (10 mg/kg) on day 7 or 10 while the 
untreated limb allografts were anticipated to have clinical signs 
of severe rejection within 6 days after operation (Arai et al 
1989), 

The exact mechanism of action of FK506 is not toially 
understood, but its immunosuppressive properties have been 
reported to include suppression of MLR, IL-2 receptor ex- 
pression and production of T cell-derived soluble factors such as 
IL-2, IL-3, and IFN-y, which are released by activated T cells 
with the antigenic stimulation (Kino f/tf/., 1987b, 1987c). Kino 
et aL (1987b) suggested that FK506 may promote tolerance 
induction by sparing IL-3-dependent suppressor cells in a 
similar way to CyA. FK506, however, does not reduce the paw 
oedema in acute inflammatory models (Inamura et a!., 1988a). 

In the present experiment the antibody response was allowed 
to establish before FK506 administration in the groups of rats 
with FK506 treatment on day 12 or 15, but there was a 
pronounced reduction in the levels of circulating anti-type II 
collagen antibodies on day 21. It is conceivable that in this 
model FK506 could inhibit not only early activation process in 
T cells and/or macrophages providing the stimulus for B cell 
activation or proliferation of B cells, but also activated T cells, 
the in vivo activity of which cannot be directly affected by CyA. 
Furthermore, the suppressive effect of FK506 treatment at a 
dose of 10 mg/kg on day 15 on the clinical symptoms of 
collagen-induced arthritis suggests that FK506 is capable of 
suppressing not only the ongoing antibody production, but also 
the inflammatory cell mediators triggered by anti-type 11 
collagen antibodies, the complement cascade or the cells that are 
responsible for the maintenance of the arthritis. 

Drug toxicity may prove to be a limiting factor in the use of 
immunosuppressive agents. Here, although we used a relatively 
high dose (10 mg/kg) of FK506, which was administered only 
once, animals treated with this dose gained weight normally and 
did not die at the end of the experiment. There is little detailed 
published information concerning the toxicology of FK506 
(Nalesnik et aL mi; Thiru, Collier & Cainc, 1987; Stephen et 
aL 1989) and the toxicity of FK506 has been suggested to be 
species-specific (Todo et aL 1988a). In the present study, the 
histological examination did not show arteritis in all organs 
examined, thymic medullary atrophy, nor proximal tubular cell 
vacuolation in the kidney. These observations are in agreement 
with the recent findings by Nalesnik et al. ( 1 987) and Todo et ai, 
(1988b) that it is comparatively safe in rats, monkeys and 
baboons. Slarzl et al. (1989), in their first clinical trials of FK506 
for liver, kidney and pancreas transplantation concluded that it 
was very potent and free of serious side-effects in humans. 
Taken together, FK506 will prove useful as a clinical immuno- 



suppressive agent, perhaps as an adjunct to established forms of 
therapy. 

We have demonstrated that a single high-dose treatment 
with FK506 provided a successful treatment of the established 
lesion of collagen arthritis with no severe toxic effect. 
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Immunosuppressive Effect of FK506 on Collagen-Induced 

Arthritis in Rats 

NORIAKI iNAMURA,* MiCHIZANE HASHIMOTO. KUNIO NaKAHARA, 

Hatsuo Aoki, Isamu Yamaguchi, andMasanobu Kohsaka 

Exploratory Resvttn h Lahttrotoncs, /■'///V.w/iiVJ Phommceuthal Co., Ltd.. lharaki. Japun 

HK506. a new immunosuppressive agenL was given intramuscularly to mis for 12 
days, starting on the day of type II collagen immunization. FK5()6 in doses of 0.32 mg/kg 
or more suppressed arthritis and also suppressed humoral and skin lest response to type 
U collagen. FK5()6 suppressed arthritis only when given during the atTerent limbs of 
immune response (0-4 days), whereas the drug was only marginally etTectivc when 
treatment was started during the efferent limbs of immune response (7- 1 1 days). 
KK506-induced immunosuppression continued and/or was maintained throughout the 
experiments (50 days). These rats immunized with type il collagen and treated with 
Fk.506 failed to develop arlhriiis even following a secondary immunization 50 days later 
but were fully capable of developing experimental allergic encephalomyelitis. This result 
suggest that FK5tt6-iroaied rats develop specific unresponsiveness toward the type I! 
colhigen. Il is concluded that FK5()6 is a strong immunosuppressive drug on collagen-in- 
duced arthritis. ' WKS Aciutcink IVcvs. Itif. 

INTRODUCTION 

Disoi'ders of the tmmijne system are undoubtedly responsible tor human rhcu- 
inaioid arthritis (RA).- The demonstration of antibodies to collagen in the sera 
and synovial fluids of patients with RA (1-8) has led to the view that immuno- 
i6gic hypersensitivity to collagen may, at least in part, contribute to the inflam- 
mation and joint destruction that is observed in the disease. Supporting this view, 
several studies (9-13) have shown that immunization with heterologous or ho- 
mologous native type II collagen could induce an inflammatory polyarthritis. 
Since collagen-related autoimmunity has been described in patients with RA 
(1-8), the same pathophysiologic mechanisms responsible for collagen arthri is 
might cause some of the lesions of RA (14). Additional evidence supporting an 
immune-mediated pathogenesis of collagen arthritis includes suppression of ar- 
thritis treated with immunosuppressive agents (15-17). 

FK506 is a new immunosuppressive agent, extracted from the fermentation 
broth of Sireptomyces tsukuhaensis (29). The chemical structure of FK506 be- 
longs to Macrolides as shown in Fig. I and is entirely different from that of cyclo- 

' To whom correspi)ndence should be addressed at Kxploraiory Research Laboratories. Fujisawa 
Pharmaceutical Co., Ltd.. Tokodai .*l-2-3. Toyosalo-machi, Tsukuba, Ibaraki 3(K)-26. Japan. 

' Abbreviations used: MLR. mixed-lymphocyte reaction: RA. rheumatoid arthritis: ICFA. inct .n- 
plete Freund's adjuvant: id. intradermal(ly); im. inlracnuscular(ly): HLISA, cnzyle-Iinked imnuinosor- 
bent assay; PBS. phosphate* buffered saline: OPD. onhophenylenediamine; DTH. dclaycd-typc hy- 
persensitivity: MBP, myelin basic protein: tAK. experimeniiil allergic encephalomyelitis: CFA, com- 
plete Freund's adjuvant: CsA. cyclosporine. 
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sporine ( 18). Recent studies have shown that FK506 in vitm inhibited mixed-lym- 
phocyte reaction (MLR) responses and the induction of cytolytic lymphocytes in 
Ihesc cultures by interfering with the action and/or production of iymnhokincs 
during the process of T-cell activation and proliferation without any significant 
myelotoxicity. Ihcse /// vitro effects were highly potent than cyclosporinc (30) 
The profound immunosuppressive properties of FK506 were subsequently ex- 
plored in expenmental transplantation, and could prolong skin graft survival in 
rat 19), mdcfimtely prolong survival of cardiac allografts in rats (20, 21) and 
prthung the file of canine kidney transplants to 200 days (22). 

In the present study, ue evaluated ihc effect of short-term treatment with 
FK506 on the development of collagen arthritis and on induction of unresponsive- 
ness lo collagen arthritis. 

MATERIALS AND METHODS 

Animals. Inbred female Lewis rals were purchased from Charles River Japan 
At '.i:l Kanagawa. They were handled under specific pathogen-free conditions 
an icclimatcd to the new environment for a week before use. 
Inwumizaiion procecinn's. Type 11 collagen was purchased from Maru/.en Oil 
Biochemical, Tokyo. Japan, and dissolved overnight at 4T in 0.01 M acetic acid 
at a concentration of 2 mg ml. The solution was emulsified in an equal volume of 
incomplete Freund's adjuvant (ICFA, Difco Laboratories, Detroit, Ml) l-ach rat 
was immunized with 0.5 ml of the cold emulsion by several intradermal (id) injec- 
tions on the back and one or two injections into the base of the tail 

Treatment with FK5()6, FK506 containing ilCO-60 and D-manniioI was sus- 
pc- fed m saline. The placebo preparation of the same formulation without 
F .16 was u.sed\is the control. These suspensions weie injected intramuscularly 
(un) at various doses in 0.4 ml/kg on the days indicated in the text. 

Assessment of arthritis. Rals were examined daily. The on.set of arthritis was 
defined as the time when the first signs of erythema and swelling of one or more 
limbs appeared. The volume of both hind legs below the knee joint was measured 
with a plelhysmomcler (Ugo Basile, Comcro-Varese, Italy). 
Immimoassay of antibody to type II rolh,u'en. ,Sera from rals were obtained by 
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retmorbital bleeding using a capillary tube. Anti-collage antibody was mea- 
sured by an enzyme-linked immunosorbent assay (ELISA) system described by 
Kaibara et al. (15), Stuart et al. (23), and Kerwar et al, (24) with minor modifica- 
tions. Briefly, each well of the flat bottomed micro-ELISA plates (Dynatech Lab- 
oratories, Alexandria, VA) was incubated overnight at room temperature with 2(»0 
|xl of type 11 collagen dissolved in 0. 15 Af phosphate-buffered saline (PBS), pH 7 .6 
(20 tJig/ml). The plates were washed with PBS containing 0.05% Tween-20. The 
remaining protein-binding sites were blocked by the addition of coating buffer 
containing 0.5S^ bovinine serum albumin (BSA); incubation was continued at 
room temperature for I hr. After removal of the PBS-Tween, a 200-|xl aliquot of 
diluted sera (PBS-0.05% Tween-0.5% BSA) was added and the plates were in- 
cubated overnight at 4°C. The unbound material was removed by washing the 
well with PBS-Twccn, and 100 \l\ of peroxidase-conjugatcd rabbit anti-rat IgG 
(Cappel Laboratories, Cocharanvillc, PA) was added at a 1:1000 dilution and in- 
cubated for 90 min. After a final wash, 100 fxl of orthophenylenediaminc (OP.)) 
substrate (40 mg OPD in 100 ml phosphate-citrate buffer, pH 5.0 and 40 ^1 of 
30% H2O2) was added to each well. Colorimetric reactions of duplicate samples 
were read I hr later at 490 'rtm by using a two-wavelength microplate photometer 
(Model MTP-22. Corona Electric Co., Ltd., Kalsuta. Japan). Antibody titers 
(units/ml) were determined by comparison with an anti-type II collagen antibody 
standard of 200 units/ml (sera obtained from collagen arthritic rats on Day 50 after 
immunization) that was included with each assay. 

Measurement of skin reac tion to type II collagen, Delayed-typc hypersensi- 
tivity (DTH) skin testing was performed after a slight modification of those 0 
.scribcd by Griffiths et al. (25) and Cremer et al, (26). Type 11 collagen (50 fxg) 
dissolved in 0.05 ml of PBS was injected inlradermally in the rat*s left ear. The 
opposite ear was injected with an equal volume of PBS and served as the control. 
DTH was measured as the change in ear thickness in millimeters (mm) 48 hr after 
challenge, using an engineer's micrometer, and was expressed as the difference in 
thickness between the collagen- and PBS-injected cars. Arthus-type reaction was 
read 3 hr after challenge, according to the method of Mochizuki et al, (11) with 
modification to type II collagen. 

Preparation of myelin basic protein (MBP). MBP was prepared from guinea j ig 
spinal cords according to the procedure described by Deibter et al. (28). 

Induction of experimental allergic encephalomyelitis {EAE). Lewis rats were 
immunized with an emulsion containing equal volumes of guinea pig MBP (0.2 
mg/mi) in saline and complete Freund's adjuvant (FCA) supplemented with 5 
mg/ml of Mycobacterium tuberculosis H37Ra (Difco Laboratories). Each animal 
received a total of 0.1 nril of emulsion given equally to the hind footpads. 

Clinical evaluation of EAE, Rats were observed daily for EAE and clinical 
signs of EAE were graded as follows: 0, normal: 1. flaccid tail; 2, hind leg weak- 
ness; 3, hind leg paralysis; 4, severe quardriplegia with incontinence. One rat th.it 
died during the experiment was assigned a grade of 4. 

RESULTS 

Dose- Response Studies of FK506 on the Development ofColla\ien Arthritis 
Lewis rats were immumzed id with type ll collagen emulsified with ICFA, and 
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given FK506 or placebo for 12 days, starting on the days of immunization. Inflam- 
matory polyarthnn.s was induced in all rats treated with placebo, and the pe^k 
.ncdence oceurred between 1 1 and 14 days after immunization. Paw edema was 
exammed and the results on Day 14 are shown in Table I. Treatment with fS 
,„ doses of 0. 1 mg/kg or more significantly diminished rat paw volume and 0 12 
mg/kg or more completely inhibited arthritis. ' 

Body weight loss was ob.served in rats treated with 3.2 mg/kg of FKM)6 or in 
nj- treated w„h l.() mg/kg. This decrease in weigh, redected a's tatc of JnoSx 
,h:., was apparent dunng the treatment (data not shown). Further toxicolola 
studies are ongoing m our laboratory. ^'^I'loticai 

Scrum antibody levels to type II collagen were measured by ELISA (Table 2) 
Even al 0..12 mg kg. suppression of antibody levels was observed, and complete 
suppression was obtained at I mg/kg or more 

^tion ( labie 2). Ea, s^welimg al 3 hr was considered to be arthus reaction rather 
than DTH reaction. The arthus reaction was inhibited at 0.1 mg/kg or more. D I H 

IT'^rstir ""^''"''y suppressed. These findings indicate 

, ^.•^"f ''"''•'■■f "^^^ development of arthritis by decreasing antibody levels 
and inhibiting arthus reaction and DTH response. 

Time Slinlicy ofhKSOf, Treatment on Collage/I Arthritis 

nit^?VdTvs;T"'-|'"';'''' ""u ""'^ -he induction pha.se of immu- 

nity 0-4 days) o, only during the immediate preclinical phase of arthritis (7- 1 1 
days . to examine time dependency in FK.S()6-induced immunosuppression The 

. -ed on the day ol type II collagen immunization. The results showed thai a 
Fk.M 6 treatment uas started on Day 7 after immunization, arthritis was mamin- 
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TABLR 2 

Immunological Response to Type II Collagen of FK506-Treated Rats" 



Dose Antibody to type 11'' 

(iiig/'kg) colliigcn (unit/nil) 



Skin response lo lype 1] collagen 
(> 10-2 mm)*- 



Arthus 



DTH 



Placebo 
FK506 



U.I 

0.32 

I 

3.2 



17.S.9 ± 29.3 

114.5 ± 38.7 

24.4 - 9.8' 

0.4 - 0.2' 

0.4 ± 0.2- 



48.7 ± 1.7 

40.6 ± 2.9^ 

21.3 i 4.5' 

8.2 ± 1.4' 

8.3 ± 1.4' 



25,9 ± 2.7 
16.3 ± 3.5^ 

4.1 ± !.4» 

1.2 ± 0.3' 
0.8 ± 0.4' 



** Rats were treated us described in Table 1. 

* Blood samples were taken on Day 14, measured by HLISA. and antibody levels calculated a.s 200 
units/ml on Day 50 after immunization (mean z SE). 

Skin tests were carried out on Day 14 by injecting type II collagen or PBS intraculaneously in rats 
ears. The respon.ses were read after 3 hr (arthus) and 24 hr (DTH). and expressed as the differe xc 
between the ear thickness after injection with type II collagen and that after injection with PBS (mean 
i SH). 

Significantly different from placebo group. P < 0.05. 
' Same as footnote 0.001 . 



Kinetics of FK506'!ndut ed Complete Suppression of Collagen Arthritis 

As described above, FK506 in dose of 3.2 mg/kg compleiely suppressed col- 
lagen-induced arthritis, and the kinetics of its effectiveness was examined for 50 
days after immunization (Table 4). Even after the cessation of treatment, no ar- 
thritic changes were detected. 

Immunological responses are shown in Table 5. Antibody levels to type 11 col- 
lagen continuously increased during the experiment in spite of remission of paw 
edema in the placebo group. In this group, arthus reaction increased until Day 22 
and gradually decreased thereafter. DTH reaction in these animals peaked on 
Day 14 and remained at that level throughout the course of the experiment. 



TABLK 3 

Time Dependence ok Effect of FK506 on Supprr-ssion of Collagen Arthritis" 



Time given 
(days after immunization) 



Incidence of 
arthritis 



Increment of 
paw edema (ml) 



O-II 



0-4 



7-11 



Placebo 

FK506 (3.2 mg/kg) 
Placebo 

FK506 (3.2 mg/kg) 
Placebo 

FK506 (3.2 mg/kg) 



5/5 

0/5 (0%) 
5/5 

0/5 (0%) 
5/5 

4/5 (80%) 



0.85 ± 0.08 

0.06 ± O.OI* 

0.89 ± 0.17 

0.04 ± 0.02* 

0.84 ± 0.l'» 

0.56 ± 0. P 



" Treatment of rat.s and parameters are identical lo those described in Table I . 
* Signilkanlly different from placebo group, P < 0.001. 



EFFECT OF 



Kinetics of FK506-Jnduced Si 



Agents 



Dose 
(mg/kg) 



PI:*, bo 
FK506 



3.2 



0.01 ± 
* (0/5) 
-0.05 * 
(0/5) 



* Rats were treated as described in 

* Increment of paw volume was e> 
represent the incidence of anhritis. 

* Significantly different from placeb- 
Same as footnoted P < 0.001. 



FK506 suppressed both hum 
throughout the experiment foil 

Rechallenge Studies of the Fi 



jihe specificity of the FK5i 
was investigated by rcchaiicirii 
collagen with FlA or myelm b£ 
on Day 50 after the primary :;ini 
imii ;uni zed ; FK5Ci6-pr6teGted^ 
of arthritis: after reinimunizati^ 
seen on Day 14 after immiihi 



> Kinetics of Immunological R^sp<^ 



Dit>s nftcr 
immuni/alion 



Treatment 



7 


Placebo 




FK506 (3.2 mg/kg) 


14 


Placebo 




FK506 (3.2 mg/kg) 


22 


Placebo 




FK506 (3.2 mg/kg) 


^0 


Placebo 




FK506 (3.2 mg/kg) 



" Kais were treated as described in 
* These parameters examined as de 
^ Significant I y different from placeb 
*'Samc as footnote ^ /' < 0.001. 



'F FK506-TREATF.D RaTS" 

. Skin response to type M colhigcn 
( X 10"? mm)' 



A'ithus;;',: 



DTH 



25.9 - :.7 

4.1 J: (.4* 

1-2 ± l.> 

().« - 1.4, 



iO^!antrt>ody^ calculaied as 200 

rti'i P^ inlracutaneously in rats 
Hr:.#ti expressed as the dilTcrcnce 
iihiitiifter injection with PBS (mean 



^ Collagen Arthritis 

completely suppressed coi- 
yencss was examined for 50 j 
ssation of treatment, no ar- 

itibody levels to type II ol- 
in spite of remission of paw 
ction increased until Day 22 
n these animals peaked on 
course of the experiment. 



OF Collagen Arthritis- 



dence of 
thritis 



Increnien; v)f 
paw edema (m!) 



: m) 

m) 
m%) 



0.«5 ± 0.08 
0.06 X O.OI* 
0.89 i 0.t7 
0.04 i 0.02* 
0.84 ±0.16 
0.56 - 0.19 



d in labie I . 
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Agents 



Dose 
trng/kg) 



t)ijys ;iritx (nun(ihii£ali()n 
14 22 



Placebo 
FK^06 



3.2 



0.01 -t o.or 

(O/.M 
0.05 ± O.OP 
(0/5) 



O ^^X .t 0.04: 

(5/.M 
0.02 t. 0.01'' 

(0/5) 



0.57 ± 0.10 

(.V5) 
0.04 O.Ol*^ 

(0/5) 



50 

0.48 - O.O.t 

(.V5) 
0.09 T. 0.01'' 
(0/5) 



Rais were treated as described in Talilc I. 
* Increment of paw volume was expressed as the mean * st- fmii Th . ..1 
repre.scnt the incidence of arthritis. " P^'rcniheses 

Signitlcanlly dilTerent from place lio group. /' < 0.01 
Same as focjimiic'*. /' < 0.001 . 

FK506 suppressed both humoral and cellular immunity to tvpe 11 collaccn 
throughout the experiment following .he discontinuation of drug treatment. 

^< ; luillcn^i- Sill Jus of the rK506-P,otcvu-d Rats 

The specificity or the FK5()6-induced suppression of immunologic response 
was mvesngated by rechallenging the FK506-pro.ec.ed rats with eLe type 

0^0^50' ftc?!"' protein (MBP, with FCA-supp.emented H^Ra 
on Day -^0 after the primary mimun.zation. As shown in Table 6. tvpe 11 collagcn- 
.mmumzed. FK506.pro.ected rats, except one rat. did not show .hc'develop^en, 
se , on D..V U 7;"^"^""'^^'""" ^^^^ " -Hagen (>3() days), bu, FAE was 
se , on Day 14 after immunization with MBI'. The onset of the latter symptom 

Kinetics or Immunoi.cx.ca,. Rkspons,.; roTvP,.: M Co,...ac;,:n („• Nonak i .miT.c Ra . s Tk- a, ko 

WITH FK506" 



Days after 
immunization 



Skin response (o type I) ct)llagcn 



50 





Antibody io type II* 


( X 10 


- nun)'' 


Treat me nt 


collagen (units/ml) 


Arlhiis 


DIM 


iNacebo 

KK5()6{.V: nig/kg) 
Placebo 

l-K.S0(> (.;.: nig/lig) 
Placebo 

FK.M)6(;v2mg/kg) 
Placebo 

FK5()6(.V2mg/kg) 


0 ± 0 
0 t 0 


0.2 1 !.: 
0.8 - 0.6 


0.2 0.9 
0.2 A 0.4 

22.4 7. 4.1 
10 - 0.8- 

22.4 ± i.y 

1.0 T 

22.0 T .V.^ 
2.0 * O.S'' 


6.V8 ± 0 
0 r 0 

73.0 >: 0 
0^0 
376.8 ± 25.4 
0 1 0 


33.2 ± 1.6 
8.4 ± 2.2^ 

42.4 t 1.4 
2.6 - 0.7-- 

18.2 Jf 4..^ 
1.4 ± 2.(K 



^ Rats were treated as described in Table I. 
I hese parameters examined as described in liiblc 2. 
Signincanlly different from placebo group; r • . 0.(H . 
Same as footnote \ !* - 0.001. 
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EFFKCT O) 



Immunological l oLtRANCE Induced by FK5()6 Treatmknt 

Arthritis HAE 

Treiiimeni Incidence Diiy of onset Incidence I);iy of onset 

Nontreatcd" 10/10 10.10,10.10,11. ioiO 11 tl 12 12 P 

IK n. II. 12, 12 13. 'urM.Mru 

FKSOfiirealed I/)0 30. >30. >30. >30. >30. lOlO 11.12.12.12,13. 

Immunized with type II >30. >30. >30, >30. >30 13. |4. I4. |4. 14 

collagen* 

" Nontreated, naive rats were immunized primarily with either type 11 collagen or MBR 

* Rats were treated as described in Table 1 . On l>ay 50 alter immiiniiiation. secondary immunization 

was performed with either type II collagen or MBH in each rat treated with FK.S06 in a dose of 3.2 

mg/kg. 



coincided with its appearance in the once-immunized naive rats. Thus, the pre- 
vention of arlhrilogenesis produced by a short course of FK506 treatment might 
be explained as specific immunologic unresponsiveness, which can be defined as 
the situation where an individual displays a functional nonreactivity to certain 
antigen while preserving reactivity to others. 

DISCUSSION 

Our findings show that FK506 suppresses arthritis in type 11 collagen-immu- 
nized rats. They also demonstrate the suppression of anti-type II collagen am - 
body formation and skin responses to type 11 collagen (arthus and DTH). Furthci- 
more, FK506-treated rats develop specific unrespon.siveness toward type II col- 
lagen-induced arthritis. 

This suppressive capacity against collagen arthritis was mediated by immuno- 
suppression to type 11 collagen, not by anli-innammalory aspects, because FK506 
did not reduce the paw edema in acute inflammatory models (data not shown). 
FK506 is very effective in suppressing arthritis when given in the afferent limbs of 
the immune responses, but is only marginally clTective when given in the elTerent 
limbs. The time dependency of its immunosuppressive effect suggests that it in- 
terferes at an early stage of antigenic triggering of immunocompetent cells. A 
similar time dependency has been reported for cyclosporine (CsA) (15). Kaibara 
et al, (15) demonstrated that CsA treatment only during the induction phase of 
immunity was successful, whereas the disease worsened, when CsA treatment 
was started only during the immediate preclinical phase of arthritis. However, 
FK506 did not exacerbate collagen arthritis when started late. The reason is un- 
clear, but a possible explanation may be obtained when the generation and/or 
inhibition of suppressor T cells is studied. 

It is of interest to pote that FK506 is capable of inducing immunologic unr - 
sponsiveness in collagen arthritis model. Type 11 collajgen-immunized, FK50(>' 
protected rats did not develop arthritis al the same time as naive rats. Only one 
animal showed the symptoms of arthritis on Day 30 after reimmunizalion with 



type 11 collagen, and the other 
reimmunization. However, th( 
with MBR These results indie 
FK506 is antigen specific. All 
th itis. Ochiai et al, have sht 
c; diac allografts was mediate 
(21). 

In conclusion, the results o 
tively suppresses collagen arth : 
responsiveness to type II coll:i 
at the biochemical level is, so l,| 
of further investigation. I 

A* 

J authors express their apprecia i 
tan..- and Mrs. Miyuki Baba for her ;ji 
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type II collagen, and the other animals did not develop ai^thritis even 30 days after 
reimmunization. However, they developed EAE in responses to reimmunization 
with MBP. These results indicate that immunologic unresponsiveness induced by 
FK506 is antigen specific. Although its mechanism is not known in collagen ar- 
thritis, Ochiai et al. have showed that FK506-induced unresponsiveness in rat 
cardiac allografts was mediated by spleen cells by using a cell transfer technique 
(21). 

1 conclusion, the results of the present experiments show that FK506 effec- 
tively suppresses collagen arthritis, and, moreover, can induce immunological un- 
responsiveness to type II collagen. Although the mechanism of action of FK506 
at the biochemical level is, so far, unknown, these data emphasize the importance 
of further investigation. 
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Conversion to Tacrolimus in Cyclosporin A Treated Patients With 
Gum Hyperplasia 

M. Kohnle, P. Lutkes. O. Witzke, T. Philipp, and U. Heemann 



KIDNEY transplantation is an established method for 
the treatment of chronic renal failure. "With modem 
immunosuppressive protocols, graft survival rates after 1 
year reached more than 90% in most centers. Tliereforc, 
physicians arc dealing more and more with problems of 
long-terra immunosuppression. 

One complication of Cyclosporin A treatment is gingival 
hyperplasia in children and adults.^ The severity of gingival 
hyperplasia is related to the duration of treatment,^ Gingi- 
val hyperplasia and concomitant gmgival bleeding may 
increase the incidence of oral infections, resulting in a 
severe reduction of life quality. In some cases surgical 
gingivectomy is needed.^ The presence of calcium channel 
blockers may aggravate this effect.^ Ultra structural studies 
revealed an increased production of amorphous ground 
substance by fibroblasts,* but the exact mechanism of 
gingival hyperplasia is still unknown. 

Tacrolimus has proven to be effective in renal transplan- 
tation. In patients treated with tacrolimus, gingival hyper- 
plasia has not been observed. Wc therefore investigated in 
a prospective study the effects of a conversion to tacrolimus 
in recipients of a renal allograft with stable graft function 
and cyclosporine A induced gingival hyperplasia. 

PATIENTS AND METHODS 

Recipients of a renal graft receiving a cyclosporin A based immu- 
nosuppression wiih stable graft function (defined as scrum creati- 
nine <2.5 mg/dh over the last 90 clays before study ftnuy) who 
suffered from severe gingival hyperplasia were included into the 
study. Gingival hyperplasia was assessed by an index system defined 
according to Seymour ct al.' Briefly, the horizontal component of 
the hyperplasia index measures the de^'ree of gingival thiGkening on 
both ihc labial and the lingual aspects in a labio-lingual direction 
for each ^nngival unit. This was graded from 0 (normal width of free 
gingivai margin) to 2 (thickening >2 mm). The vertical component 
of the index measures the degree of jpngival enlargement in an 
apico^oronal direction (ie, vertical) for a gin^jival unit and was 
graded from 0 (no gingival hypeipla-sia) to 3 (marked hyperplasia 
greater than 1/2 a[ crown length). Tlie patients' gingival condition 
was assessed using the papilla bleeding index of Saxer and Muhlc- 
mann.'^ All measurements were performed by a dentist and taken 
from the crest of the gingival margin at 6 points around each tooth. 
All paliems received instructions to op limine oral hygiene. Paiienu; 
were evaluated at study entry and 3 months thereafter. 

From the 2S patients included into the study, 15 patients were 
convened from cyclosporin A to tacrolimua (= tacrolimus group). 



Patientii converted to tacioliraus were adjusted to a iacroHmu5 
trough level of 4 lo 8 ng/ml* A control group of 13 patientfi 
remained on their initial immunosuppressive regimen. Due lo the 
potential of tacrolimus; to increase blood [;lucose levels, no patient 
with pathologic glucose tolerance was included into the study. 
Gingiva! status and graft function, including drug levels and dose, 
were determined regularly. All values are given as mean ± 
standard error of mean. 

RESULTS 

At study entry, cyclosporin A trough levels were 120 ± 1.4 
ng/mL in the tacrolimus group and 142 ± 2.4 ng/mL in 
controls. After 3 months, trough level was 5.8 ± 0.13 iig/raL 
in tacrolimus treated patients (Cyclosporine level in con- 
trols, 130 ± 1,5 n&/mL). 

While hyperplasia score improved from 1.57 ± 0.05 at 
study entry CO 1 .30 ± 0.05 after 3 months in the tacrolimus 
group it worsened in controls (1-20 ± 0.05 at study entry vs 
1.40 ± 0.07 after 3 months). The bleeding index dropped in 
both groups (tacrolimus, from 1.67 ± 0.08 to 1.0 ± 0.09; 
controls, from 1.34 ± 0.07 to 0.87 ± 0,06). Ten out ot 15 
patients in the tacrolimus group reponed a reduction of 
pain in contrast to none in controls during the first month 
after conversion. 

There was a slight improvement of renal function in the 
tacrolimus group, as serum creatinine dropped from 1.9 ± 
0.07 mg/dL at study entry to 1.7 ± 0.06 mg/dL after 3 
months. By contrast, creatinine increased from 1.7 0,05 at 
study entry to 1.8 ± 0-O5 mg/dL 3 months thereafter in 
controls. 

One patient had to be reconverted from tacrolimus to 
cyclosporin A due to severe itching. Rejection periods were 
observed neither in the tacrolimus group nor in controls. 

DISCUSSION 

In patients with stable graft function, life quality of the 
patient may be limited by the side cflfecis of immunosup- 
pression. Qrclosporin A is known to cause gingival hyper- 
plasia in a significant proportion of patients. The incidence 
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CONVERSION TO TACROLIMUS 

of hyperplasia does not dtfter significantly between soluuon 
y and capsules indicating a systemic rather than a local 
y effect.^ Ultraslructural studies revealed increased anior- 
phous ground substances with a higher level of glykosami- 
noglykancs. However, the exact mechanism remains un- 
known. 

Frequently, gingival hyperplasia is so severe that life 
quality is impaired. Hyperplasia may be aggravated by 
concomitant use of calcium channel blockers. Optimal oral 
hygiene alone was not sufficient to reduce hyperplasia, as 
demonstrated by the reduced bleeding index in both groups 
without an improvement in the hyperplasia index in patients 
remaining on cyclosporin A. 

As tacrolimus is known to be effective in transplant 
recipients over the long term, a conversion to tacrolimus 
may be considered in patients with severe gum hyperplasia 
secondary to cyclosporin A- In addition to pain reduction, 
objective measurements revealed a marked decrease of 
bleeding and hyperplasia as early as 3 months after conver- 
sion. Following conversion, we observed no rejections. 
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However, a longer follow-up is needed lo draw reliable 
conclusions. Interestingly, creatinine dropped after conver- 
sion, an indication for a lower nephrotoxicity of tacrolimus. 

In conclusion, a switch lo tacrolimus is safe and beneficial 
in patients with gingival hyperplasia. 
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USE OF NABLfMETOME (PiAB) TO TOEAT JUVBJILE HHEUMATOID ARTHRfTlS (JRA) IN 
CHILDREN iMTOteiANTOFOTHeR NON-STEROIDAL AIMtf - INFLAMMATORY DRUGS 
(NSAJDs), BEQsn-otf ! Piann Stale Univ. Harshsy. PA 

Reoeni studies su^gdst that children treaifid chrcnicaily with NSAlDs. €uch b9 n JfVk, may 
have up lo 75% Inddance of endoscopteaBy provon NSAID gsstropathy (J Pedjetr l993, 
122:647) and symploms of gasLralmasUnat intobrBncB ara common (AJDC 1993 147:299). 
NAB is an NSAID designed as a pro-dnig wMcb musl be translormad in tho liver to hs active 
motedy ufhich has anU-lndarmnatory Ckrop9lie& NAB has been shown. In adutte, to cause 
significamly fewef signs and symploms of ga^innlBBtinal twddty compared lo other NSAID 
[Anhritis Rheum 1995. 38:5]. No studies of pediatric use of NAB havo been published. 
However, due lo ite gastric-spartng propartas. after parental consent. NAB was otlered lo 
and used by 15 JRA patbnta wrth prior NSAID jntoferanoe. 

AUpatleritarnetACR criteria tor 1hedlagno98 el JHA. The children ranged in age tnm& to 
16 yearB (mean 10.7 years). Diagnoses wan: polyarticular JRA in 8 patients, paudarUcular 
JRA In 5 cases and systemic JRA in 2 chidrerL 7hS pailenis were stable on methotrexate, 
ano/of sulfasalezme and 2 were taking elablap low dose prednisone. AH pailenis had been 
intoleranl of one or rnore prior NSAlDs \eaxSnq to disoontinualion of Iheee drugs. All patients 
had recurrent abdominal pa/n and/or nausea, two had gaslroinlesltnal bleeding and one child 
had had a documented peptic ulcer. NAB was dosed 1or 5 lo 27 months (mean 1 1.7 months) 
at 10 10 30 mgykg/d up to 2000 mg/day (lypc^ maximum aduH dosage). Clinically NAS wa? 
wen tolerated in 14/15 patienta with corfq^aims of s/lghi nausea in one chHd. Laboratory 
monitoring revealed no changes from baeeline in 13/15 patients. Two children developed 
asymptomatic proteinuria (450 end 1100 mg/d). Disease control was improved in 11/15 
patfams and stable In 4/i 5 when corr>pared to therapy with prior NSAID. Second Una therapy 
was added or In&eased In 4 children due to psisisiem arthritis. f=ever was not controlled by 
NAB in the two children wflh systemic JRA. NAB was discontinued In die one child wHh 1 100 
mg/d proieinuria but was not slopped in the child with 450 mg/d proteinuria because or 
severe gastroinleeilnal toxicity with prior NSAID use. 

NAB ^opc^vs to be a weH-toleraled NSAID in children with JRA with PtUe tovcily noted in 
this open tri? J. Prospective, controlled toikdy and ef Hcacy studies need to be performed to 
further assess the usefulness and safety of NAB In the pediatric populatfon. 

DISCLOSURES: NONE 
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MAGWnC RESONANCE IMAGING IN THE 
Tae Hwan Kim, Kwan Pvo Hong, iac Bum Jun, Su nt 
HvttD Yoft Seong Yoon Kim> Rh«3mansm Center, I 
DiBgnoaic Radiology, Hanyang University Hospital, 5 
It IS gnterally accq>tcd that nugnsiic resonsnee im 
! infoniuAian rogordiiig the disease process bi early 
r subcboodtal bone end periarriculiir Ixnie marrow, W 
' pein bat parmal or suspicioi^ plain rediograpbic ch: 
, subrhnnifral bone and periarticular bone mamiw. 

Forty i»fo sacroiliac joims(SI) in 21 patients were c 
the radiologic criteria for sacroiliiiis of Kellgren* wef 
} n, 26 SI; grade III, 2 SI. We compajcd spm ccho( 
caasnA Tl image)i MPGK The eariy image of post 
' enhancement; tbe late image, 1 6 mmaics. 

Periarticular fat accumulatioa, o&teitiSk and panni: 
pTuminam dian on the sacral nde. As die radiogni 
domiBasLlbe perffuticular fat accumulation is domi 
!. pomon of SI. The amount of periarticular fat aixur 
di&easc In post contrast image pannus was well vbu 
' better iban the early image, but was of no stadsric 
t g|«de I had ncvdular panem bat became more Imeor 
' than MKjR in dctcctioii of periarticular fat accumul 
^ MPGK ws superior to spin echo in detecting aubcbon 
It appsns thai MRI is siiperior in dcircTing the abm 
[ pdam tiltft- There was QD comparison between spin ec 
' detcakH) of sacroiliitis, spin echo can deiea periani 
I MPGR and is superior in diagirosing tbc condition. L 
> benacr, Ti^ule the delayed images of post contra are gi 
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f'^SOe 'M SEVERE TREATMENT RESISTANT JUVENILE RHEUMATOID 
^?L^'^'^ fJPtA^- Ani^a Gqpi Afrin Vrn cent Lonriino Jr . University of Pittsburgh and 
Children s Hospital of Pittsburgh, Pittsburgh. PA 15213 
Tacrolimus (FK506) is an immunosuppressive drug more potent than but structurally 
unrelated lo cyclosporin which also intiiblts T-cell activation and decreases the 
production 0* interleukin-S and other cytokines thought to play a central role in tne 
inflammatory processes of JRA. 

The purpose of our study was to evaluate the effect of FKS06 on severe refractory 
JRA- 4 Caucasian female patients with JFIA onset al ages 2 to 9 years, and a mean 
disease duration of 6.d years were treated with FK50G. All met ACR criteria for JPA (3 
systemic onset, 1 pauciarticular onset) and had a subsequent severe polyarticular 
course. 

Prior to initiating FK506 all patients had been treated concomllanlly with NSAlDs. 
corticosteroids, subcutaneous methotrexate (up to img/kg/wk). Intravenous 
immunoglobulin and ptaquenil. 3 of the 4 patients were also on sulfasalazine. NSAiDs 
and meiholrexaie were discontinued prior to initiating FK50S, all other medications were 
continued at a stable dose with no new additions. FK50S was maintained at 
inerapeutic ievete or 10 lo20ng/mi for a mean treatment duration of 10-8 months. 

All patients showed a signilicant Improvement in disease activity as reflected by a 
reouciion In corticosteroid requirement, ho^ital admission rate and Joint counl. es well 
as ari improv^emenc in laboratory markers of disease activity (ESR. hemaiocrii, plateiei 
count, serurr albumin and interl8ukin-2 rotors) and physician assessment of overall 
r!^^^M^^^V^' ^^^^^ 0^ frsaimeni with FK506, the pauciarticular onsc( 

paueni developed a polyarticular flare at a low therapeutic FK50B level. No major 
^'ll^ treatment. In conclusion, FK506 may be beneficial >n 
patients with severe refractory JRA. ^ 
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; RHEUMATOID ARTHRITIS IN R« 
PJHE INCIDENCE DECREASING? LS Pe' 
rFnTlmt ^ F Hfthriei Mayo Clinic, Rochester, 
The ^gioal of this study was to escamme trends 
1 anfaritis (JRA) in Rochester, Minnest 
The diagnostic retrieval sysiem of the Rod 
l^ittilized to si^een medica] monis of all Rochesi 
(utiliziDg > 20 diagnostie categories) f) 
Association 1977 revised criieriaj 
ptwious^ idcDtifted cohort from 1960-1979 
1 lulling in an incidence cohort spann* 
^Of the 1240 medical records screened, wc idcr 
I between 1960 and 1993. The svcra^ 
5) Tor a total of S26 pcf^on-years of obse 
i was observed with peaks between 0-4 
l^patietus had pauciarticular oasei, 17% had ; 
pVkU ftegression of fkauciarticular to polyartic> 
I age- and sex-adjusted incidence rate war 
The incidence rate per 100,000 popula 
1 1960-1969, 1970-1979, aad 1980-1993, 
\ average, used to display tiine trends in i 
speaks io 1967, 197S, and 1987. 
I Ad overall decrease in the iDcidenoe rate over 
I poQcianicular- and ^temic-onset suhtyp. 
paDem, suggest that environmental iacto 
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Dermatology 

International Journal for Clinical and Invest i gat ive Dermatology 
Vol 195, No. 1, 1997 

A Case of Pyoderma gangrenosum Stabilized with Lymecycline, Topical Benzoyl 
Peroxide and Treated by Autograft 

Pyoderma gangrenosum is a chronic inflammatory ulcerative skin disease of unknown 
etiology, often associated with various systemic disorders such as inflammatory 
bowel disease, rheumatoid arthritis, chronic active hepatitis, diabetes mellitus 
and hematologic malignancies. The ulcers are characterized by their undermined 
violaceous borders. The disease remains a therapeutic challenge. Corticosteroids 
are the mainstay of therapy; however, side effects from this treatment and 
recalcitrant pyoderma gangrenosum require therapeutic alternatives. We report the 
case of a large subacute pyoderma gangrenosum stabilized with lymecycline, topical 
benzoyl peroxide and successfully treated by an autograft. This observation 
supports the opinion that the risk of pathergy of a graft can be avoided by the 
stabilization of the disease. 
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METHOTREXATE AND AZATHIOPRINE IN RA: RADIOLOGIC PROGRESSION AFTER 4 
YEARS. A PROSPECTIVE STUDY. P Kentens. A Boerboorns. M Jeurissen. R de Graaf. J Mulder. 
L yd Putte. Dcpts of Ttieumaiology and medical statistics. University Hospital Kiimeeen. PO BOX 9101 . 
6500 HB Nii megCT. the Nelheriands. 

Objective: To study whether the beneficial effect of MTX on radiologic progression after 1 year as 
compared with AZA. which wc recently repoitcd, was sustained after 2 and 4 yeais (yrs). 
Methods: Open extension of follow-up of our 48-weck$ doubte4>Iind comparative study of MTX and 
AZA to 4 yn. Fotlow-up included radiographs of bands and fett ai 2 and 4 yrs. Changes in radiologic 
scores were studied according to both a saitte drug analysis and an inccntion-to-treat analysis. 
Results: After 4 yeara 18 patients (pts) (58 56) from the MTX group continued the initial study drug, 
and 7 pis (21 *) in the AZA group. More patients (n=21) switched from AZA to MTX, than vice versa 
(n '5). In the same-drug analysis no significant differences in increment in radiologic scores was found. 
Resulu of inlention-to-treat analysis are shown in the Table. 



Erosion score(E) and Total score (T). chinses ffom baseline (95 %CI). 







AZA 






MTX 






1 (n-33) 


2 (n-31) 


4{n»31) 


1 (n=28) 


2 (n-27) 


4 (n-23) 


E 


5.3 


6.3 


10.8 




3.3 


6.8 




(3.4.7.2) 


(4.3.8.8) 


(7.5.14.1) 


CO.7.2.8)- 


(1.6,5.4)' 


(3.3.10.2)» 


T 


6.6 


11.9 


20.5 


4.7 


7.7 


14.2 




(6.2,11.0) 


(8.3.13.3) 


(15.4.23.7) 


(2,0,7 .5)» 


(3.9,11.4)* 


(7.5.20.9) 



Comparison MTX vi AZA: • P - 0.002; # P « 0.05: P = 0.09: © P - 0.03. 



Conduslons: Drug survival after 4 years was better for MTX than for AZA. In an tntcntiOQ-to-ticat 
analysis the beneficial effect of MTX on radiologic progression after 1 year compared with AZA was 
sustained after 2 yean and probably also after 4 yra. Differences tend to level off, probably due to the 
greater number of twitches from AZA to MTX than vice versa. 
Di*daiw«: woci reported in (fats abstract ms nipportcd by. 

Dutch League against Rheumatism, Het Natlonaal Reuoiafonds 
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DOES LONG-TERM CYCLOSPORINE-A TREATMENT IN RHEUMATOID ARTHRITIS K 
PROTECT AGAINST CANCER ? B.E.E.M. van den Borne'. R.B.M. Landewe^ F.C. Brr^^.^^ | 
H.J. Bemelot Moens'. B.A.C. Diikmans . Dcpartnrtcnts of Rheumatology, Leiden Univei^ity 4 
Hospital , Atrium Medical Center Hecrlcn', Mcdisch ^>cctrum Twente and Free University 1 
Hospital Amste^dam^ The Netherlands. / 

Background: In a retrospective controlled cohort study on (he potentially carcinogenic effects of i""^ 
cyclosporin-A (CsA) in patients with rheumatoid arthritis (RA) we have found a relative risk (Rrj 4 
of CsA-treatcd patients to contract cancer of 0.41 (95%CI: 0.19-0.89) compared to matched 
controls. The purpose of this study was to determine whether there ts a relationship between the y 
duration of exposure to CsA and the level of risk reduction. , l> 

Methods: The incidence of caiKcr was established in 208 RA-patients treated with C&A in ■*[ 
previous clinical trials and of 415 control RA-patients (75 of them were randomized control ^ 
patients derived from the controlled CsA-triab) treated simultaneously with other DMARDs. Cox 
proportional hazard-regression analysis was pcrfonmcd to correct for potentially confounding \\ 
variables. i'-' 
Cases of cancer per 1000 follow-up years according (o treatment duration 

< / year ad'msted RR >lvear adjusted RR ^ 

CsA'group 9.1 0.64(0.20-2.11) 3.1 0.16(0.03-0.76) 

Control-group 15.2 17.2 



The results were similar in the analysis of only the raiKlomized patients. In the CsA>group duration 
of treatment was significantly related to the chance on cancer (adjusted RR: 0.75(0.61-0.92) per 
extra month of treatment). 

Conclusion: The negative association between CsA and the risk on cancer in RA is depeiidcnt on 
the length of exposure lb CsA, which strengthens the hypothesis of a protective effect of CsA, 
compared to other DMARDs. 

OifChwurr: tM>ri reported in thb abstrxt was supported by: 

Sandoz and the Leiden University Medical Center. 
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THEUSEOr FIC506(TACROUMUS> IN THE TREATMEPfT OF RESISTANT RHEUMATOID ARTHRITIS. 
Richsrd B. Grtmillion . J«iin>_ Poiotr , Nish« M««ck. John P. Weil . Ronild F. vin Volknhovcti . OivUion o f 
Rhctt(nilo)s|x> ^*nfard University Medical Center. SUnford. CA 94305 

Introduclion: FKS06 b a polcat aotiloflarematory and novel immunosuppressive iceoL l( inhibits ttll- 
nediatcd ioimiiaity ia vivo and u replsciog crdosporta (CYA) in prcvcntinf transplant rejectioa Mcondary lo 
improved EriR turvtvaL It has t>ccn uicd succcufully le rcKoc transplant patienU iotolersot of CYA and those 
thowrine tiSDt of oocoinE rejection. Renal toxicity witb FK506 mny be lew |iven the fact that FK506 do»e», tn 
tram plant studiot compartn| FKS06 with CVA, arc >l>fold higher than thoM generally uud in rhcitniattc 
diteite. 

Porpoit: An open label, pilot itudy lo atieti whetber FK506 It lafe and potentially vserul In palitnt* with 
severe, refractory RA wbo have failed or tbown onl)' modest response to tradittonal DMARD therapy. 

PatienU and Methods: 12 pts (2 men, 10 women) with RA, mean age 49. and disease duration 9.4 years were 
identified with the foltowitig averaged character btics: erythrocyte sedimentation rate (ESR> 4S.5 * 10.7, morning 
stiffness (MS) 214 ^ 61 J tnioates. Swollen joint coanl <SJC) IT? + 2.5 and lender joint count <TJC) 26.4 * 4.18. 1 
pt had failed sli, to'rive, and 1 four DMARDs <i-e hydroiychloroqainc, sulfaslazinc. metheireiare. azatbioprioc, 
CYA A penicillamine). 9/12 pts were on prednisone (ave llmg/d). S/12 pts were intorcrant of CYA. Four pts 
continoed to Uhc HCQ and three MTX. All pts had nl creatinines at baseline. Each pt was began on Irag FK506 
tnd. Dosage was Increased to 2m g bid at I month and 3mg bid at 2 months. Monthly moniloriog was performed. 

Results; Tberapy widi FK506 was dtscontinued in 5 patients. Four were intolerant of FK506 and one <ACR 50 
responder at 4 weeks) disconlioticd tberapy after an oRrclited episode ot aotacid-respoairve chest pain. Pi I- 
nauscn at S wks, pt Z- nausea A headache at 6 wts. pi J< nausea A diarrhea at 9 wks & pt 4* worsening carpel 
tonnct pain and nrthralgia. 7/12 (5SJ%> continue on tberapy withoot side effects (4 of which shewed prior CYA 
related creatinine elevation). No rbe in scram creatinine has been observed in any of our study pu. 7 pti have 
completed U wks of ttterapy and show itatislically slgaKlcaat improvement in TJC (from 17.7 * 4.2 to 1 * 3.2, 
P-.02I). 5 pts have completed 14 wks of therapy and show statistically signiHcant improvement in ESR (from 
4a.5 + 10.7 to 12.8 ♦ 4.4, pB.047), HAQ (from 1. 625 + .27 to .893 ± J3. p-.002), SJC (from 17.7 + 2.5 lo 3J ♦ 1.7 
P-.066), TJC (from 26.4 + 4.2 to 13 + 4.2, p-.049), Pt Global (from 57.4 + 8.7 to 20 + 5.9, p-il2). MD Global 
(from 61.7 ^ 8.6 to 16.2 fVs, p-.OOev At 16 wks 6/7 pts arc ACR 20 respondcrs A 3/7 arc A CR 50 res ponders. 
AH 5 pts completing 24 wks are ACR 50 respondcrs. 

Conclusions: Although FKS06 was not tolerated by nearly half of tb« pntienis in Ikb ttndy. the patieaU wbo 
were tolerant showed excellent clinical repsonses. Thus. FKS06 shows promise as « rescue agent In the treatment 
of severe, refractory RA in selected patients. 



THREE-YEAR CHANGES IN RADIOGRAPHIC DAMAGE AND PHYSICAL DISABIUTY IN 278 
RHEUMATOID ARTHRITIS (RA) PATENTS RANDOMIZED TO GOLD (GST) OR 
CYCLOSPORIN (CYA). TK. K\ien . Oslo City Dept. of Rheumatology, Diakonhjemmet Hospital. 
N-0319 Oslo, Norway, HK Zeidler. Hannover, Ccimany, P Hannonen. Jyvfiskyia, Finland, FA 
Woliheim. Lund, Sweden, PKurki. Novartis, Basle, Switzerland, and the SIMERA Studv Group. . 

It is recognized that DMARDs have a u-eak short-term cfToct on radiographic progression, but data 
over more than 1-2 years are sparse. 

RA patients with active and severe disease of less than 3 yeais duration (n=278. mean age 48 years, 
fonalcs 70%, mean tlisease duration 12 months, systemic corticosteroids in 54%.) were randomized to 
CYA (3 mg/kg with dose adjustment according to international guidelines) or GST (50 mg/week, 50 
tng/month after 1000 mg total dose). X-rays (read blind Vor treatment code and for the sequence of the 
x-ra>'S of a given patient) and HAQ were assessed at baseline, after 18 and 36 months. 

Number of treatment terminations due to incfficacy or adverse reactions were similar in both groups. 
The table shows results £rom the intention to treat population (n«27S). Similar results were seen when 
analysing the completers (CYA n=56, GST n=M4) except no difference regarding changes in 
dis^ility. Radiographic progression in both groups was associated with baseline levels of acute phase 





Baseline 
CYA GST 


Changes 18-0 
CYA GST 


p-value 


Changes 36-0 
CYA GST 


p-value 


Larsen score 


14.8 14.1 


10.0 10.3 


0.42 


15.5 13.9 


0.52 


No. of eroded joints 


4.0 4.0 


2.6. 2.8 


0.50 


3.7 3.8 


0.61 


No. of erosions 


7.5 7.5 


5.8. 5.3 


0.25 


10.0 8.4 


0.30 


HAQ score 


1.12 1.05 


-0.50 -0.40 


0.21 


-0.54 -0.45 


0.04 



Arthritis Foundation, Northern California Chapter 



In conclusion, damage progressed despite improvement in physical function; the numeric X-ra>' 
changes from 18 to 36 months were lower than during the first 18 months of the study; and only 
approximately 1/3 of the patients completed fiiU 3 -year tteatment with their oiigina] therapy. 

■ DisckKure: work reported in this abstrMTl was supported by: 

Supported by a giant from Novartis. 
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CYCLOSPORINE A THERAPY IN RHEUMATOID ARTHRITIS: ONLY STRICT APPUCATTON OF 
THE GUIDEUNES FOR SAFE USE CAN PREVENT IRREVERSIBLE RENAL FUNCTION LOSS. 
B.E.E.M van den Borne'. R.B.M. Landewt^^ H.S. Goei -nie'. FC. Breedveld'. BA.C Diikmans'. 
Department of Rheumatology, Leiden Univeisity Hospital'. Allium Medical Center Hecrien^ and Free 
University Hospital Amsterdam', The Nelheriands. 

Objectives: To investigate whether the incieasc in scrum creatinine observed during cyclosporine A (CsA) - 
therapy was reversible in a gnxqi of patients with advanced ibeumatoid arthritis (RA) treated before the 
current guide-lines for safe use of CsA in RA were developed. These guidelines state that CiA dosages 
should be decreased w4i£D serum creatiniiie levels increase above 30% of baseline. 

Padeaa and meAodx Eighty-dure patients with advanced RA who had started low-dose CgA ihetapy 
between September 1990 and Octobo- 1992 were followed until dnig-discontinuatioa AD 83 patients were 
Investigated in December 1995. The serum creatinine increase level was determined in patients who had 
discontinued CsA for al least 3 mondis. Predicton for trrevenibility of renal function loss were determined 
by using muhiple regression analysis. 

Results: The mean level of serum creatinine gradually increased from 69 ± 14 (mean ± SD) fimol/1 at entry 
to 88 ± 23 (imolrt (28% above baseline) at die moment of dmg-discontinuation, and decreased to 80 ± 17 
funol/l (16% above baseline) during follow up of 35 ^ 14 mcmths aikr diug-discontinuation. During CsA 
therapy, the mean level of scrum creatinine had increased to 82 ± 19 pmol/1 (26% above baseline) at 6 
months and to 87 l 22 funol/l (39% above baseline) at 42 moatfas. The mean CsA-dose was 3.1 ±. 0.9 
mg/kg/day at 6 monfts and li> :t 0.8 mglcg/day at 42 mcmths. The absolute mimber of months that serum 
creatinine leveb were higher dum 30% above baseline was an independent predictor for a persistent increase 
of the serum creatinine after CaA discontimiation (B » 0.506; pO.OOl). Patients wtdi £ 2 months witb serum 
creatinine levels higher than 30% above baselirw had a mean irreveisiblc irKrease at follow up of 6% 
(p>0.05), con^jBTcd to 27% b patients witb > 2 monlhs (pO.OOOl). 

Ccttdushn: Long tenn bw-dose CsA-administration in patients wiih advanced RA was associated with a 
persistcm itxarase in serum creatinine which was partially irreversible after dmg-discontinuatioo. The 
increase in senun cieatiaiQe was reventbk in the patients wbo were treated according to tbe current guide- 
lines for safe use of CsA. 



Dhdotunz woti teportrd in thb abstract wss supported br 
Sandor and the Leiden University Medical Center. 



TREATMENT OF ACTIVE RHEUMATOID ARTHRITIS WITH UEFLUNOMIDE IMPROVES 
FUNCTIONAL ACTIVITIES AND HEALTH RELATED QUALITY OF LIFE (HRQOL) ' P Tuowetl *C 
Bombafdier V Strand. 'A Maetzel. 'G Wells arK:| tfie l^efliff^omide RA InvestiTOtors GTom, 'Ann 
Thompson 'Univefsitv of Ottawa. Ottawa ON. HJnlvof^ty ot Toronto. Toronto ON: ^Stanford University. 
Stanford CA 94305; 'Hoechst Marion Roussel. Kansas City MO 64134 

This 12 month multi-centdr randomized ptacetx) controlled trial evaluated the safety and efficacy ot 
laflunomido (LEF) 20 mg daily (100 mg x 3 days loading dose) compared to placebo (PL) and 
tnethotroxate (MTX) 7.5-15 mg woeMy in 482 patients (182 LEF, 118 PL. 182 MTX) with active 
rheumatoid arthritis (RA). Treatment groups were similar in baseline (BL) demogri^jbics, mean 
disease duration: 6.7 years, prior DMARDs failed: 0.6. Modified Health Assessment Questionnaire 
(MHAQ) was administered ninthly: HAQ, Protriem Elicitation Technique (PET) and Medical 
Outcomes Sun^ey Short Fomi 36 (SF-36) at BL. 24 arxJ 52 weeks or early treatment exit. 

Stattsticatly significant improvement in function and HRQOL were reported with LEF treatment 
conrpared to PL: by MHAQ. ell scales of HAQ and disability index, weighted top S score ot PET. 5 
of a sutsscoros of SF-36 and work productivity. In cjonparison to MTX LEF treatment resulted in 
significant improvements in MHAQ. 5 of 8 scales of HAQ and disability index, weighted top 5 of PET 

and 2 of 8 subscores ot SP-36 (Intent to Treat Populetion. Baseline to endpoint) ' 

LEF PL MTX pvriues 

_n ; 166 ■ 101 1TO 

MHAQ: Baseline 0.78 0.89 0.79 * LEF vs PL SO.0001 

Mean Change -0.29" 0.09 -0.15 * LEF vs MTX p ao.01 

HAQ: Oisabciity trtdex: BL 13 Ts V3 * LEF vs PL: SO.0001 " 

Mean Change ■0.45 ' ' 0.0 -0.03 ' LEF vs MTX: p S 0.01 

PET Weighted Top 5: BL 21.2 22.4 ' 20,4 • LEF vs PL: SO.OOOl 

Mean Change -691 ' * -0.66 -3.41 * LEF vs MTX: p S 0.001 

SF-ae Physical Component BL 30.0 28.9 29.7 ' LEF vs PL: SO.OOOl 

• Mean Change 7.6 " 1.0 4.6 ^ LEF vs MTX: p^ 0.01 

Work Productivity: BL 53,3 52.9 51.0 " LEF vs PL: SO.01 

Mean Change 9,8 ' 0^3 7^6 

Disabiiity at baseline improved in both active treatment groups. LEF resulted in staosticaJly greater 
tmprovemenit than MTX in health status measures arvj turKtionel activities important to the patient. 

()bdoMn« MK»i raported m Iha alwtrxd km tupported bf: 

This study was si4}ported by Hoechst Marion Roussel. Drs. Bombardier. M&etzel. Strand. Tugwell 
and Wells are consultants to HMfl. 
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lilMiiliilM 



Pyoderma gangrenosum was first used to describe a "destructive cutaneous 
disorder, cinaracterised by painful, rapidly enlarging ulcers with undermined bluish 
and purplish-red margins" in relation to inflammatory bowel disease. Brunstring et al 
1930. 



Pyoderma gangrenosum is now thought to be of an immunological origin, although 
the pathenogenisis is not clear. It is often associated with systemic diseases such as 
rheumatoid arthritis, chronic inflammator/ bowel disease, Crohn's disease. Ulcerative 
colitis. Monoclonal gammopathy and rarely with leukaemia. It may occur however 
without any reported underlying disease. 



Norland & Millard (1993) reported on three patients with venous leg ulcers that 
deteriorated inexplicably, to be later diagnosed as pyoderma gangrenosum. 



As Pyoderma gangrenosum is not caused by bacteria, antibiotics are of no benefit 
in treating the underlying condition. ( they may be needed to control secondary 
infections.) Skin grafting is also ineffective. (Schwaitzberg et al 1982) 




A Classic pyoderma gangrenosum, no eschar, purple undermining border, 
haemorrhagic blister and a red peripheral border. 

Clinical Appearance ( after Prystowsky et al 1 989) 

# Lesions may occur singly or in groups, most commonly on the lower limbs, 
although they may appear anywhere on the body. 

^ Have a liquefying centre without eschar formation 

# Purple Undermining boggy borders, that may be covered by haemorrhagic 
blisters 

^ Peripheral red borders 

# Frequently painful 

Treatment 



tittp : //www. yeoman, org. uk/html/Pyogan . htm 
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The mainstay of treatment of pyoderma is the use of high dose systemic steroids. 
Response. to steroids has been used to confirm diagnosis of pyoderma 
gangrenosum. Some worl< has been reported on the use of immunosuppressant 
drugs such as cyclosporin, with favourable results. (Duguid & Powell 1993) 

Woundcare is typically, surgical debridement of the ulcer then a moist wound 
healing regime, Foams, hydrogels, hydrocolloids and alginate dressing have all 
been reported as being used. (Samuel & Williams 1996) 



Ko et ol (1 992) reviewing 1 4 cases over a 24 year period found healing times of 3 
months to 6 years. Some patients experienced recurrence of the ulcer. 

Two cose studies reported in the Journal of Woundcare had healing times of around 
4 months from diagnosis. (Samuel & Williams 1996, and Sutherland 1997) 
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^ Cavity Wounds 
I 1^1 ( I I I I 



^ Fungating 
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I Brief Report 

Acute Pyoderma Gangrenosum Does 
Not Require Surgical Therapy 



iii Yong-Kwang Tay, MD; Marti Friednash, MD; John 
L Aeling, MD 

Pyodernna gangrenosum is an uncommon ulcerative 
skin disorder that is often associated with underlying 
systemic diseases, the most common of which is 
inflammatory bowel disease. We report an illustrative 
case of a 36-year-old woman with pyoderma 
gangrenosum occurring at surgical sites and at sites 
of trauma. She had associated Crohn disease. 
Multiple surgical procedures were performed on this 
patient, without improvement. Pyoderma 
gangrenosum can mimic a necrotizing soft tissue 
infection. Early recognition of the characteristic lesion 
may prevent unnecessary operations and facilitate 
effective control with appropriate medical therapy. 
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In April 1994, a 38-year-old white woman noted 
erythematous, painful plaques of the left palm and the 
proximal phalanx of the left middle finger (Figure 1) . 
This was thought to be cellulitis, and a regimen of 
broad-spectrum antibiotics was started. The lesions 
were subsequently d6brided. A similar lesion 
appeared on the distal phalanx of the same finger. 
She was transferred to the University of Colorado 
Health Sciences Center, Denver, for further 
evaluation. 
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The ^atient had si.. Jlar s,...^to ...s of her ri^ht third 
finger in September 1992 after blunt trauma to the 
same finger. New lesions developed on her right 
second and fourth fingers despite broad-spectrum 
antibiotic therapy. Surgical debridement was 
performed for suspected necrotizing soft tissue 
infection. Five days later, lesions recurred at the 
surgical margins despite cultures being negative for 
pathogens. Further surgical treatment was 
undertaken, resulting in amputations of the right 
second, third, and fourth digits ( Figure 2) . The wound 
healed uneventfully. 

Her medical history was notable for Crohn disease 
that was diagnosed in 1991 and treated with 
prednisolone. In March 1992, a rectovaginal fistula 
developed, requiring a diverting colostomy. Parenteral 
steroid therapy was discontinued in the fall of 1992. 
One year later, a regimen of prednisolone and 
azathioprine was started for a flare of her intestinal 
disease. Prednisolone was subsequently discontinued. 
Thus, the patient's lesions corresponded to periods 
^ when she was not taking prednisolone. 

ABSTRACT Social and family histories were noncontributory. 



On examination, the patient was afebrile. The left 
middle finger was swollen and tender with 
erythematous, dusky plaques on the left palm and the 
distal phalanx of the left middle finger. An open 
wound with purple margins was seen of the proximal 
phalanx at the site of the surgical debridement (Figure 
3). Erythematous, violaceous plaques were present on 
the left thigh and the dorsum of the right foot, which 
was the site of an intravenous line. Laboratory 
investigations revealed an elevated white blood cell 
count of 11.6x10^/1 (11600/|jL) with a differential 

count of 0.80 (80%) polymorphonuclear leukocytes. 
The erythrocyte sedimentation rate was 92 mm/h. 
Histological examination of a biopsy specimen taken 
from the edge of the ulcer on the left middle finger 
showed a nonspecific, diffuse, neutrophilic dermal 
infiltrate with scattered chronic inflammatory cells and 
areas of focal necrosis. Cultures of the biopsy 
material were negative for acid-fast bacilli, bacteria, 
and fungi. The results of the following investigations 
were either normal or negative: blood biochemistry 
tests, liver function tests, hepatitis B and C serologic 
tests, complement levels, antinuclear antibody test, 
and serum and urinary protein electrophoresis. 
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A diagnosis of the pyoderma gangrenosum associated 
with Crohn disease was made. Pulse therapy with 
methylprednisolone sodium succinate, 1 g/d for 3 
days, was given. A dramatic response occurred within 
12 hours with a reduction of pain and erythema. Her 
lesions started to heal within a week, and she was 
discharged with a regimen of prednisone, 60 mg twice 
a day, and sulfasalazine, 1 g twice a day. 
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Pyoderma gangrenosum is an uncommon necrotizing 
and ulcerating skin disease that was first described by 
Brunsting et al^ in 1930. The diagnosis is made 
clinically because no specific histopathologic or 
immunofluorescent patterns are present.^ The earliest 
symptom may be pain in the area, followed by small 
erythematous papules. The lesions rapidly evolve into 
tender pustules surrounded by indurated 
erythematous skin that breaks down to form an ulcer. 
The rapidity of the development of the lesions and the 
appearance of the ulcers, with their pus-covered 
centers and the ragged, undermined, violaceous 
borders, are hallmarks of the disease and distinguish 
it from soft tissue infection.^ Vesicles and bullae may 
be present,^ as in our patient. Lesions are most 
commonly found on the lower extremities^ but have 
been reported on the scalp, face, trunk, and arms. 
Lesions may be single or multiple and may be 
precipitated by trauma (pathergy), as in our patient. 
Pathergy is a condition in which the application of a 
stimulus makes the organism unduly susceptible to a 
subsequent stimulus of a different kind. The Behcet 
and the Sweet syndromes also involve this type of 
pathergy. A history of pathergy is reported in 25% of 
patients.^ Ulcers heal with cribriform, atrophic scars.^ 
All age groups are involved, with the youngest 
documented patient being a 3-week-old infant.^ Peak 
incidences occur in the third and fourth decades of life 
for female patients, as in our patient, and in the fifth 
decade of life for male patients.^ 

Pyoderma gangrenosum is a marker of various 
systemic diseases (Table 1) . It is most often 
associated with inflammatory bowel disease.^ It 
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occurs in to ... of ^atients ..ith ulcerati . e colitis 

and in 0.8% to 1 ,5% of patients with Crohn disease.^ 
The appearance of pyodernna gangrenosum is nearly 
always preceded by the inflammatory bowel disease.^ 
as in our patient. Exacerbations of skin lesions tend to 
parallel recurrences of the intestinal inflammation.^^ 

Pyoderma gangrenosum has been reported to occur 
during granulocyte colony-stimulating factor therapy 7- 
^ The up-regulation of neutrophilic function and 
secondary release of cytokines may induce this 
complication.^ In 40% of patients with pyoderma 
gangrenosum, no associated disease can be 
identified.^ 

The cause of pyoderma gangrenosum remains 
obscure. Brunsting at al^ initially called it a pyoderma 
because it was thought to be a bacterial infection 
caused by streptococci or staphylococci. The cause is 
now recognized to be noninfectious, although 
secondary bacterial colonization may occur. Recent 
investigations emphasize an altered immune system 
with impaired cellular immunity and defective function 
of polymorphonuclear leukocytes.^ 

The histopathologic appearance of pyoderma 
gangrenosum is not diagnostic ( Figure 4) . Early 
lesions show a deep folliculitis with numerous 
neutrophils surrounding the pilosebaceous unit.^ 
Vascular changes may be noted. Later, changes of 
suppurative granulomatous dermatitis supervene, with 
collections of histiocytes, macrophages, and giant 
cells. Massive papillary dermal edema may occur. 
Finally, lesions regress with marked fibroplasia.^ 
Although the histopathologic features are not 
diagnostic, a skin biopsy is necessary to rule out other 
causes of acute skin ulcerations, particularly 
infections and necrotizing vasculitis. 

The differential diagnoses for pyoderma gangrenosum 
include bacterial infection, synergistic gangrene, deep 
fungal infection, necrotizing vasculitis, bullous 
erythema multiforme, Sweet syndrome, Behcet 
syndrome, halogen dermatitis, brown recluse spider 
bites, amebiasis, purpura fulminans, and factitial 
ulcer.^ The diagnosis of pyoderma gangrenosum is 
based on the clinical appearance of the lesion, its 
association with systemic disease, the exclusion of 
other causes of dermatitis, and a poor response to 
antibiotics.^ In the absence of associated systemic 
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disease, the diagnosis is more difficult but is based on 
the same variables. 
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The management of pyoderma gangrenosum is 
directed at the systemic disease, with high-dose 
corticosteroid therapy and local wound care. 
Corticosteroid therapy has been the main method of 
treating pyoderma gangrenosum.^ Initial doses of 
prednisone of up to 80 to 120 mg/d may be given, 
with subsequent tapering of dosages to maintenance 
levels.^ Johnson and Lazarus^ used pulsed therapy 
of methylprednisolone sodium succinate, 1 g 
intravenously, in 150 mL of 5% dextrose solution for 5 
days to treat refractory pyoderma gangrenosum. They 
observed a dramatic response with minimal adverse 
effects. Our patient had a rapid response to pulsed 
methylprednisolone therapy with a reduction of pain 
and erythema within 12 hours. Intralesional steroids, 
in the form of triamcinolone acetonide suspension, 
have been used to treat early lesions of pyoderma 
gangrenosum, with good results.^ Other drugs that 
have been used to treat pyoderma gangrenosum, 
either alone or in conjunction with steroids, with 
variable success Include sulfones such as dapsone^ 
and sulfasalazine,^ clofazimine,^-^ minocycline 
hydrochloride,^ potassium iodide,^ colchicine,^ 
human intravenous immune globulin,^ and 
immunosuppressive agents such as azathioprine,^ 
cyclophosphamide,^* ^ chlorambucil,^ 
cyclosporine,^' ^ and tacrolimus.^- ^ Any of these 
agents can be used without associated systemic 
disease. Reported topical agents that have been used 
successfully include topical cromolyn sodium^- ^ and 
topical mechlorethamine hydrochloride.^ Hyperbaric 
oxygen also has been used successfully to treat 
pyoderma gangrenosum.^-^ Surgical procedures 
such as debridement and skin grafting are not 
recommended during the acute stage of pyoderma 
gangrenosum, especially in patients who exhibit 
pathergy, because this could lead to further tissue 
destruction and progression.^ 
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We have presented a case of pyoderma 
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' INDEX OF 

FIGURES AND gangrenosum associated with Crohn disease that 
TABLES mimicked a soft tissue infection. Besides 

inflammatory bowel disease, other important 
^ associated systemic diseases include hematologic 

and rheumatologic conditions. Although acute 
pyoderma gangrenosum may simulate an infection, 
the characteristic morphologic appearance of the 
lesions, the association of systemic disease, cultures 
that are negative for pathogens, results of a skin 
biopsy that are consistent with the diagnosis, and a 
failure to respond to antibiotic therapy should point 
strongly to a diagnosis of pyoderma gangrenosum. 
High-dose parenteral corticosteroids are the treatment 
of choice for acute pyoderma gangrenosum. Often a 
steroid-sparing drug is needed for chronic or recurrent 
disease. The use of cyclosporine has been reported to 
be effective in problem or refractory cases. Finally, 
surgical debridement or grafting should be undertaken 
with great caution and only in patients who have no 
clinical evidence of active disease and are receiving 
appropriate immunosuppressive therapy. 
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Drugs that suppress the activity of the immune system. 
They are given after organ transplantation to prevent 
the body's immune system causing tissue rejection. 
Some are also used in the treatment of autoimmune 
diseases (in which the body's immune system attacks 
the body's own tissues), including rheumatoid arthritis 
and myasthenia gravis. The immunosuppressants used 
to prevent transplant rejection include azathioprine, 
cyclosporin, mycophenolate mofetil, corticosteroids 
(such as prednisolone), and tacrolimus. 

Because immunity is lowered during treatment with 
immunosuppressants, there is an increased 
susceptibility to infection (see bone marrow 
suppression), and regular blood counts may need to be 
carried out. Some drugs, especially the cytotoxic drugs 
used to treat cancer, cause immunosuppression as a 
side effect. 
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an acute destructive ulcerating process of the skin, 
especially the legs. It may be associated with 
ulcerative colitis or Crohn's disease or with rheumatoid 
arthritis or other forms of arthritis affecting many 
joints. Treatment is with high doses of corticosteroids 
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inflammation of one or more joints, characterized by 
swelling, warmth, redness of the overlying skin, pain, 
and restriction of motion. Over 200 diseases may cause 
arthritis, including rheumatoid arthritis, osteoarthritis, 
gout, tuberculosis, and other infections. Diagnosis is 
assisted by examination of the pattern of distribution 
of affected joints, X-rays, blood tests, and 
examination of synovial fluid obtained by aspiration of 
a swollen joint. Mono- or oligoarthritis is inflammation 
of one joint, pauciarthritis of a few (four or less), and 
polyarthritis of many joints, either simultaneously or 
in sequence. Any disease involving the synovial 
membranes or causing degeneration of cartilage may 
cause arthritis. Treatment of arthritis depends on the 
cause, but aspirin and similar analgesics are often used 
to suppress inflammation, and hence reduce pain and 
swelling. See also psoriatic arthritis, septic arthritis, 
haemarthrosis, pyarthrosis, hydrarthrosis, -arthritic 
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the second most common form of arthritis (after 
osteoarthritis). It typically involves the joints of the 
fingers, wrists, feet, and ankles, v^'th later 
involvement of the hips, knees, shoulders, and neck. It 
is a disease of the synovial lining of joints; the joints 
are initially painful, swollen, and stiff and are usually 
affected symmetrically. As the disease progresses the 
ligaments supporting the joints are damaged and there 
is erosion of the bone, leading to deformity of the 
joints. Tendon sheaths can be affected, leading to 
tendon rupture. Onset can be at any age, and there is 
a considerable range of severity. Women are at 
greater risk. Rheumatoid arthritis is an autoimmune 
disease, and most patients show the presence of 
rheumatoid factor in their serum. There are 
characteristic changes on X-ray. 

Treatment is with a variety of drugs, including anti- 
inflammatory analgesics, steroids, methotrexate, and 
gold injections. Surgical treatment is by excision of the 
synovium in early cases or by fusion or joint 
replacement once bony changes have occurred. (See 
also hip replacement.) The condition may resolve 
spontaneously, but is usually relapsing and remitting 
with steady progression. It may finally burn itself out, 
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